Background Sleep disruption is common in inflammatory bowel diseases (IBD). However, studies demonstrating a similar prevalence in irritable bowel syndrome suggest that nighttime disruption due to diarrhea and abdominal pain may be key drivers of poor sleep quality. Whether inflammation is associated with poor sleep independently has not been examined previously. Methods This single-center study included subjects with IBD recruited to an ongoing prospective registry who completed a questionnaire assessing sleep quality and mood. Inflammatory marker levels [C-reactive protein (CRP), erythrocyte sedimentation rate] and clinical disease activity including nighttime disruption on the day of enrollment were obtained from the medical record. Logistic regression models were used to identify predictors of sleep quality. Results The study included 131 subjects (72 women) with a median age of IBD diagnosis of 25 years. Twenty-three subjects (19 %) had a high C-reactive protein level (C8 mg/dL). Poor sleep was more common in those with high CRP levels than with normal values (70 vs. 39 %, p = 0.009). This association remained significant on multivariate analysis [Odds ratio (OR) 4.12, 95 % confidence interval (CI) 1.38-12.29]. Adjusting for the presence of nighttime disruption did not significant alter this association (OR 3.16, 95 % CI 1.01-9.90). High CRP correlated with poor sleep even in patients not experiencing nocturnal symptoms (n = 101, OR 4.89, 95 % CI 1. 24-19.36). Conclusion High CRP is associated with poor sleep quality in IBD independent of the presence of nighttime disruptions, suggesting that a relationship exists between circulating inflammatory markers and sleep.
Introduction
The inflammatory bowel diseases (IBD), namely Crohn's disease (CD) and ulcerative colitis (UC), are chronic intestinal disorders that affect an estimated 1.5 million people in the USA [1] . IBD incurs a significant physical and financial burden on patients with many requiring hospitalization or surgery at some point during the course of their disease [2] . In addition, IBD also has more subtle effects on well-being that impairs quality of life and work productivity [3, 4] . Though several genetic and immunologic factors that contribute to an individual's likelihood of contracting IBD have been uncovered, its cause remains elusive [1, 5] . The role of the external environment in influencing risk of disease and natural history is being increasingly recognized, and several factors that increase risk of disease or influence behavior have been described from observational studies [6] [7] [8] . Two such risk factors that appear to have a bidirectional association with IBD, both by modifying risk and by natural history of disease, but at the same time being influenced in their occurrence by inflammation and active disease, are sleep impairment and depression [9] [10] [11] [12] [13] [14] .
Sleep problems are remarkably common in society and have been linked to a number of diseases and stressors including acute and chronic illness, physical, and psychiatric disorders [10, [15] [16] [17] [18] [19] [20] . In the context of IBD, recent work has suggested both depression and sleep impairment to be common, increase risk of relapses, and even precede a diagnosis of IBD [9] [10] [11] [12] [13] [14] . One possible explanation for the link between depression, impaired sleep quality, and IBD would be that the former two are symptoms of exacerbations of the latter. Several studies have reported a similar prevalence of sleep disturbance in those with IBD as irritable bowel syndrome with such impairment in sleep being strongly influenced by the presence of nocturnal symptoms of diarrhea and abdominal pain in both diseases [21, 22] . However, impaired sleep quality may be common even in periods of clinical remission [10, 21, 23] . The mechanism behind such an effect is unclear but may be related to the direct effect of circulating pro-inflammatory cytokines on the central nervous system [23] [24] [25] [26] [27] [28] [29] . Prior studies examining impairment of sleep quality in IBD have not examined the effect of inflammation independent of disruption by nocturnal symptoms. Furthermore, they have relied mainly on use of clinical symptoms to define active disease, which is open to confounding posed by the overlay of functional symptoms in such patients.
Consequently, we performed the following study in a well-phenotyped IBD cohort with structured assessment of sleep and depression to examine whether circulating inflammatory markers correlate with impaired sleep and mood independent of symptoms. We hypothesized that a higher inflammatory burden would result in impaired sleep independent of the presence of nocturnal symptoms.
Methods

Study Population
This was a single-center study that included subjects recruited to the ongoing Prospective Registry for IBD Study at Massachusetts General Hospital (PRISM). Subjects include adults 18 years or older, with CD or UC diagnosed by their treating gastroenterologist according to accepted criteria. After providing informed consent, patients completed their enrollment by providing details regarding demographics, disease, and treatment history. Disease diagnosis, location, and phenotype were confirmed by the treating gastroenterologist. Patient information on intake questionnaires was supplemented by review of the electronic medical records.
Assessment of Sleep, Depression, and Inflammatory Markers
A consecutive subset of patients who were enrolled in PRISM was invited to complete an 8-item questionnaire regarding their sleep quality and a 16-item questionnaire regarding their mood. These questions were derived from the National Institutes of Health (NIH) Patient-Reported Outcome Measurement Information System (PROMIS) bank of questions (www.nihpromis.org, Accessed 10 May 2014) [30, 31] . Details about their derivation have been published previously. In brief, these questions are developed from an initial pool of items identified from candidate citations that were pilot tested in a national sample of participants. Items from the PROMIS question bank have demonstrated validity in the areas of content, construct, criterion, and responsiveness. For the purpose of this study, patients were asked questions regarding their sleep quality and mood, both encompassing the past 7 days (''Appendix''). The questionnaires were scored per standard procedures recommended for scoring the PROMIS questions with higher values representing greater impairment of sleep quality or more depressed mood [30, 31] . Values above the median for the cohort indicated poor sleep or depressed mood.
Objective assessment of inflammatory activity included the erythrocyte sedimentation rate (ESR) or C-reactive protein (CRP). Only subjects who had these values measured on the day they filled out the sleep, and mood questionnaires were included in the study. ESR and CRP levels were defined as being elevated when they were above 20 mm/h and 8 mg/dL, respectively, in accordance with normal values for our laboratory.
Covariates
Information on each subject's sex, age at diagnosis, duration of disease, and smoking status was assessed by medical records review, self-report, and enrollment interview by a trained research coordinator. Disease location and behavior in CD and disease extent in UC were classified according to the Montreal classification [32] . Use of medications including immunomodulators (azathioprine, 6-mercaptopurine, methotrexate) and antitumor necrosis factor-a biologics (anti-TNF, infliximab, adalimumab, certolizumab pegol) was obtained. Disease activity was recorded based on their physician assessment of their symptoms on the day they completed the sleep and mood questionnaires. Patients were classified as having clinically Dig Dis Sci (2015) 60:2136-2143 2137 active disease or in remission by the treating gastroenterologist, and the presence of nighttime symptoms in the week prior to the visit was noted.
Statistical Analysis
Continuous variables were summarized using means and standard deviations with use of medians and interquartile ranges (IQR) when skewed. Categorical variables were expressed as proportions. In our primary analysis, we performed univariate logistic regression models with poor sleep defined as values above the median as a dichotomous outcome. Variables that were found to have a statistically significant effect at p \ 0.2 were included in our multivariate logistic regression model examining the association between elevated inflammatory markers and poor sleep adjusting for relevant confounders. To test the robustness of our findings, we repeated the analysis using a linear regression model with the sleep score as a continuous variable. Subgroup analyses were performed excluding those with nocturnal symptoms and on including the presence of nocturnal symptoms in the multivariate model to see whether the association between inflammation and sleep was mediated through nighttime sleep disruption. Data were analyzed using Stata 13.0 (StataCorp, College Station, TX). The Institutional Review Board of Partners Healthcare approved this study.
Results
A total of 131 patients (78 CD; 53 UC) who had completed questionnaires on sleep and mood and had concurrent serum inflammatory markers available were included in this study (Table 1 ). The median age of diagnosis was 25 years [interquartile range (IQR) 18-37 years], and a slight majority (55 %) of the cohort was female. Among those with CD, a third had inflammatory disease (37 %) while 22 and 41 % had structuring or penetrating disease phenotype, respectively. Two-thirds of those with UC had pancolitis (68 %). Twenty-nine patients had at least one IBD-related surgery (22 %), and seventy-three had current or past use of anti-TNF therapy (56 %). None of the patients had obstructive sleep apnea or other diagnosed disorders of sleep. None were on prescription antidepressants or sleep aids. The median CRP and ESR levels of patients were 2 mg/ dL (IQR 0.8-6.2) and 8 mm/hr (IQR 5-16) with good correlation between the two inflammatory markers (correlation co-efficient q = 0.57, p \ 0.001). Twenty-three patients (19 %) had an elevated CRP, and 35 patients (26 %) had an elevated ESR. The median sleep score in our cohort was 10 (IQR 5-16). Fifty-nine subjects (44 %) who had sleep scores above the median were consider to have poor sleep. The median mood score was 5 (IQR 1-14). Fifty-five patients (42 %) were clinically active, and the remaining 58 % were in clinical remission. The mean CRP level in those with clinical active disease was significantly greater than those in remission (12.3 mg/dL vs. 2.9 mg/dL, p = 0.0013).
Predictors of Impaired Sleep
Poor sleep was more common in those with high CRP levels than with normal values (70 vs. 39 %, Odds ratio (OR) 3.52, 95 % CI 1.33-9.33, p = 0.009). Similarly, presence of clinically active disease (OR 3.96, 95 % CI 1.89-8.27) was associated with poor sleep. However, we did not find an association between an elevated ESR and poor sleep (OR 1.72, 95 % CI 0.79-3.75) ( Table 2 ). Type In a multivariate logistic regression model, only high CRP (4.12, 95 % CI 1.38-12.29) and increasing depression score (OR 1.10, 95 % CI 1.05-1.15) were independently associated with poor sleep quality. As there was a high degree of co-linearity between clinically active disease and elevated CRP (81 % of those with clinically active disease also had a high CRP, q = 0.36, p \ 0.001), we were not able to include them in the same multivariate model. Examining the sleep score as a continuous variable, elevated CRP was associated with a three-point higher sleep score when adjusting for potential confounders (?3.2 points, 95 % CI ?0.31 to ?6.13).
To examine whether the association with elevated CRP was mediated through the presence of nighttime symptoms and sleep disruption, we repeated the multivariate analysis in those who reported no nocturnal symptoms (n = 101). High CRP remained independently associated with poor sleep quality in this cohort (OR 4.89, 95 % I 1.24-19.36) when adjusting for depression and smoking status. The association between elevated CRP and poor sleep also remained independent of nocturnal symptoms when adjusting for it in the multivariate model (OR 3.16, 95 % CI 1.01-9.90).
Discussion
Sleep impacts chronic inflammation [15, 17, 23, 26, 28, 29, 33, 34] . In relevance to IBD, impaired sleep quality is common and is associated with disease activity [10, 13, 21, 22, 25, 35, 36] . However, to what extent impairment in sleep quality is due to frequent nocturnal disruptions from symptoms compared to an effect of a systemic proinflammatory state is unclear. In this study, we demonstrate that elevated C-reactive protein, a circulating marker of systemic inflammation, is independently associated with impaired sleep quality even in the absence of nocturnal symptoms, supporting a role for inflammation in disrupting sleep in IBD.
The role of sleep in patients with IBD is an area receiving increasing attention [10, 25, [36] [37] [38] [39] . In comparison with healthy controls, patients with IBD report significantly greater sleep impairment [21, 22] . However, in several studies, the impairment of sleep quality in IBD is similar to those with IBS, a chronic gastrointestinal disorder without overt systemic inflammation [21, 22] questioning the relative contribution of symptoms and inflammation. Ranjbaran et al. [22] administered the Pittsburgh Sleep Quality Index (PSQI), a validated measure of sleep quality, to 205 subjects including 80 with inactive IBD and 24 with IBS. Both subjects with IBD and IBS reported increased sleep latency and greater frequency of sleep interruption (IBD 70 %, IBS 88 %). In addition, the most common reason for poor sleep quality due to frequent awakening at night was the need to use the bathroom (81 % in IBD and 87 % of IBS) and abdominal pain (44 % of IBD and 71 % of IBS). This is consistent with other studies where symptomatic disease activity in IBD was the strongest predictor of impairment of sleep [10] .
Intriguing epidemiology and laboratory data support a bidirectional association between sleep and disease activity and an impact of circulating inflammatory markers on sleep quality. In a large prospective cohort study including 151,871 women followed over 24 years, we demonstrated that both short duration and long duration of sleep were independently associated with increased risk of incident UC [35] . In a different cohort, while disease-related symptoms were a key determinant of impaired sleep quality, poor sleep even during remission was associated with an increased risk of symptomatic disease flares at 6 months [10] . Experimentally, interleukin-6 (IL-6), interleukin-1 (IL-1), and tumor necrosis factor (TNF) directly induce fatigue and sleep [22] [23] [24] [38] [39] [40] . Intravenous or intra-cerebroventricular injections of recombinant TNF suppress rapid-eye-movement (REM) sleep [34] . In contrast, antibodies against TNF-a improve sleep quality when administered to patients with juvenile idiopathic arthritis [41] . In our present study, we were not able to examine the association between CRP and sleep quality independent of clinical disease activity as most patients with an elevated CRP also had clinically active disease. Sleep fragmentation has been associated with increased inflammatory cytokines in mouse models and human studies [42] [43] [44] . In this study, we were able to demonstrate that the sleep disruption in IBD is not solely due to nighttime disruptions symptoms as noted in previous studies [22] since the association between elevated CRP and poor sleep persisted in the group with no reported nocturnal symptoms. Another significant association in our study is the relationship between sleep and depression. Large studies have found that symptoms of depression are most likely to be experienced by individuals who sleep either too little or too much, and decreased sleep quality is directly associated with depressive symptoms [27, [45] [46] [47] . In a cohort study including 3,173 patients in the Crohn's and Colitis Foundation of America's (CCFA) Partners cohort, co-existing depression was a strong predictor of impaired sleep quality [10] . Depression has been associated with increased risk of incident disease as well as disease relapses [9, [12] [13] [14] 46] , acting independently through various mechanisms including elevation of circulating inflammatory markers, alteration of the function, and number of CD4 and CD8 lymphocytes, and through its effect of the autonomic nervous system and hypothalamus-pituitary-adrenal axis [23, 29, [36] [37] [38] . Despite the co-existence of the two, the association between sleep and CRP persists after adjustment for mood suggesting that these two related factors potentially exert independent effects.
Our study has several strengths and implications. Use of validated sleep measures such as the NIH PROMIS question bank increases the face validity of our assessment of sleep quality and mood. The NIH PROMIS bank of questions have been carefully validated and are reliable for use either in the aggregate with the entire bank of questions, or with inclusion of specific question sets like the 8-item question bank used for the purpose of this study. While other sleep questionnaires like the Pittsburgh Sleep Quality Index (PSQI) may be more widely studied and validated, in a previous study, we demonstrated a strong correlation (co-efficient 0.80, p \ 0.0001) between the two questionnaires [10] , despite differing time periods of study. Additionally, in a previous study, 82 % of patients with a T score above the median also had an abnormal score on the Pittsburgh Sleep Quality Index, validating this cut-off threshold [10] . For the purpose of this study, nighttime disruption was assessed without formal structured questionnaires during the clinical encounter. Future studies may need to develop more nuanced methods to identify nighttime disruption due to active symptoms. Additionally, our focus on objective inflammatory markers provides greater certainty as to the presence of active disease in our subjects as opposed to symptom-based disease activity scores. Reliance on symptoms may be open to confounding by co-existing functional symptoms. Additionally, objective inflammatory markers also allow us to potentially identify an effect of subclinical active disease as well. Few of the patients were on systemic steroids at the time of completion of this questionnaire. We did not have routine information on extra-intestinal symptoms at the time of completion of this questionnaire. However, we do not believe either of these two variables to have differentially affected the association observed in our study. In conjunction with prior literature, our findings support an association between disease activity and sleep in IBD that is not solely due to nighttime awakenings and may be mediated by systemic inflammation. Further studies examining such an effect independent of clinical symptoms and in those with subclinical active disease are warranted. As well, our findings support the importance of routinely assessing sleep duration, quality, and disruption in patients with IBD. Whether this needs to be addressed through behavioral modification or requires pharmacologic therapy, and the impact of such interventions on longitudinal disease activity require further study. There is also an important unmet need to address the impact of nighttime disruption on next day cognitive and psychomotor functioning in patients with IBD.
We acknowledge several limitations to our study that strengthen the necessity for further research in this field. Our study was done at a single referral IBD center and consequently may be skewed toward more severe disease. Our sample size was small but remains one of the largest studies to examine correlation between sleep and C-reactive protein in IBD. As the vast majority of patients who had an elevated C-reactive protein also had clinical symptoms, we were not able to independently examine the effect of symptoms and CRP on sleep quality. Small prospective cohorts have suggested an association between histologic inflammation and sleep quality suggesting that clinically latent disease may have an impact of sleep quality [25] . Larger studies are required to robustly demonstrate this finding. Nocturnal disruptions were noted through review of the medical records and consequently may have resulted in misclassification. However, one would expect such misclassification to bias toward the null, supporting the robustness of our findings. We did not have information on use of sleep aids or other medications that may influence sleep quality.
In conclusion, we demonstrate that elevated C-reactive protein levels were associated with impaired sleep quality in patients with inflammatory bowel disease, and this association was independent of the presence of nocturnal symptoms. This suggests that nighttime disruption of sleep is not the sole mechanism for poor sleep quality in patients with IBD and further studies examining the bidirectional association between sleep and inflammation in IBD are warranted.
